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in which k is the ratio of the specific heat of the air involved at constant pressure to its specific heat at constant volume; and
IkP V = v —                              (Laplace)
Whether the velocity of sound is in accordance with Newton's equation, or Laplace's, or has, indeed, some distinctly intermediate value (it cannot be outside these theoretical extremes) can, of course, be tested by direct experiment. But here, too, theory is a great help in that it shows1 the impossibility of a velocity appreciably different "from one or the other of the extremes. The non-mathematical form of this reasoning (Stokes gives both) is substantially as follows:
Let an airtight, f rictionless, piston oscillate so slowly in a cylinder . with thermally conducting walls that the temperature of the enclosed air remains constant. Clearly, then, at each given position of the piston the pressure is the same during expansion as during compression, and the process is without net loss, or gain, of energy. Similarly, if the reciprocal motion of the piston is so rapid that no heat is lost during compression, nor gained during expansion, the pressure, though different from its former value, is again constant for each given position of the piston, and, hence, the total external work zero per cycle,
If, however, the speed of the piston is such that some heat is passed, but not enough to maintain a constant temperature, the pressure at each point will be greater during compression than during expansion, and the process can be maintained only at the expense of external work. Under these conditions, therefore, the soured would be damped out far more rapidly than is the case in nature.
Actually, sound waves are so fleeting (only those of the baser tones require more than one-hundredth of a second to pass) that the slight pressure changes they produce are all but absolutely adiabatic. Hence, to an extremely close approximation,
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It should be noted, here, that since neither u, p, nor pi, the only factors affected by either the amplitude or frequency of the vibrating air, enter into equation (2), therefore the velocity of sound is independent alike of both loudness and pitch— the same for all sounds of whatever origin.
Relation of Sound Velocity to Condition of Air. — From equation (2) it is likewise clear that all meteorological changes that alter the value of /c, or the ratio of P to p, or both, affect also the velocity of sound; and that it is independent of every other such change.
1 STOKES, Phil. Mag., 1; 305, 1851.

